In this paper we propose the construction of a relativistic anyon beam. Following Jackiw and Nair [18] we derive explicit form of relativistic plane wave solution of a single anyon. Subsequently we construct the planar anyon beam by superposing these solutions. Explicit expressions for the conserved anyon current are evaluated. Finally, we provide expressions for the anyon beam current using the superposed waves and discuss its features pictorially. We also comment on the possibility of experimental observation of anyon beam.
(i) Jackiw-Nair anyon equation and its solution: We start with a familiar system, free spin one particle in 2 + 1-dimensions [18] . The dynamical equation in co-ordinate and momentum space (i∂ a = p a ) is given by
The solution of three vector F a , a = 0, 1, 2 (we use Minkowski metric η µν = diag(1, −1, −1)) is given by
where ψ(p) is an arbitrary momentum dependent function that is fixed by normalization. The same F a can also be expressed as a Lorentz boosted form 
with η a = 1, 0, 0. It is straightforward to check that F a describes a spin one particle (s = 1) of mass m. This construction has been extended in an elegant way to the JN anyon equation [18] to describe an anyon of arbitrary spin s = 1 − λ, whose momentum space form is given by,
where the second equation is the subsidiary (constraint) relation. For λ = 0 the anyon reduces to spin one model discussed earlier [18] . The actions of j a , K a are given by
An explicit matrix representation of K a is [18] 
Generalizing the spin-1 case (3), the free anyon solution is formally given by [18] f a(±) n
where We have constructed explicit form of B n0 (p) [20] (for details see Appendix A) to write down the free anyon solution,
where f a (p) is same as the spin-1 case defined in (2) . This is our primary result that we exploit to construct the wave packet and subsequent anyon beam.
(ii) Conserved current for single anyon: Next we derive the conserved probability current for anyon ∂ µ j (s=1−λ) µ = 0 where j s 0 is the probability density. Since the anyon model of [18] is an extension of the spin-1 case we can take a cue from the latter where the conservation law ∂ µ j
Exploiting the (position space equivalent of the anyon equation of motion (5) it is straightforward but tedious to derive the conserved free (single) anyon current j
where we have explicitly shown the summation over n, the anyonic index. For λ = 0 the current j (1−λ) µ reduces to the spin 1 current j (1) µ of (9) . A nontrivial check of the consistency of the expressions for anyon current (10) is to substitute f a n from (8) to yield
In deriving the anyon current we have used the matrix representations of K a -matrices in Ref. [18] ,
and the identity
(iii) Anyon wave packet: Our aim is to construct the anyon current, not for a single anyon as done above, but for an anyon wave packet which can be amenable to experimental verification. Let us now construct the anyon wave packet that we want to move towards, say, +x-direction. Since we have superposed plane waves, later figures will reveal that the current density has a sharply peaked profile with the y-component of current density having a comparatively reduced value. Note an important difference in geometry between our construction and that of the three-dimensional vortex beam [3] . In case of the later the free mono-energetic plane wave solutions (to be superposed) are distributed over the surface of a right circular cone with identical momentum amplitude in the propagation direction. However, for our anyon wave packet, in a planar geometry the above is not possible. Instead we use the superposition scheme as shown in Fig. 1 where the red arrows show momenta of the plane wave and φ is integrated symmetrically from φ 0 = −π/2 to φ 0 = +π/2. In Fig. 2 we have shown profiles for charge density of anyon beam, J λ Fig. 4 two examples of anyon current with integration limits of φ 0 = ±π/3, ±π/6 which are more concentrated along the x-axis. This means that in both three-and two-dimensional superpositions, ideally the wave packets can persist for an indefinite period of time (since the energy dispersion is zero). But along the direction of propagation, ideally the three-dimensional packet can survive for an indefinite length whereas the two-dimensional packet can exist for a finite length since it has a finite spread in the x-component of momentum.
Hence, considering superpositions of anyon plane waves with fixed spin s = 1 − λ, fixed energy E and fixed kinetic energy p = (p x ) 2 + (p y ) 2 , for the special case of integration limits φ 0 = ±π/2, the superposition F a n appears as
where
We have used the notation X 1 = px, X 2 = py; M = m(E + m). The expression is manifestly symmetric separately under x → −x and y → −y.
Conserved current for anyon wave packet: The final analytical task is to substitute the anyon wave packet (14) in the expression of the anyon current (10) . Since the current components are quadratic in the packet wavefunctions F a n , the final expressions are quite long and involved. We have shown only the expression for probability density J 0 and have relegated J x and J y to Appendix B together with a few computational steps. The cherished form of anyon beam probability density, in polar coordinates x = ρ cos θ, y = ρ sin θ, is
where, σ = p E+m and M = m(E + m).
(iv) Visualizing the anyon beam: Unfortunately, closed form expressions for the anyon beam current components J 0 , J x , and J x are not possible to obtain. Hence we show the features of the anyon beam profile with numerical plots. We have shown J 0 for two values of λ, (or spin s = 1 − λ) for λ = 0.2 in Fig. 2 and λ = 0.6 in Fig. 3 , both for φ 0 = ±π/2. Again in Fig. 4 we have plotted J 0 for λ = 0.6 for superposition angles having limiting values of φ 0 = ±π/3, π/6. Subsequently, in all the figures (Fig. 2, Fig. 3, Fig. 5 and Fig. 6 ) for each case s, φ 0 we have plotted the profiles of J a in three ways: a two-dimension plot of J a against the polar angle θ for a few values of the (planar) radial distance ρ, panel (a) in each group of figures. Another two-dimensional graph of the same data as panel (a) with magnitude of J a against θ for the same values of ρ is shown in panel (b). A density plot in co-ordinate plane x-y is given in panel (c). Finally, a three-dimensional plot of J a in co-ordinate plane x-y is provided in panel (d). Note that in panel (a), each continuous curve represents a fixed polar distance in coordinate plane x-y with the height being a measure of J a whereas in panel (b), the radial distance is a measure of the intensity of J a . Hence the curves that are further away from the centre in panel (b) represent points that are closer the coordinate plane x-y.
As expected, all the wave packet profiles are symmetric about the abscissa since the packets are superposition of plane waves, that are symmetrically placed about the x-axis. Contrasting with the three-dimensional wave packets [2, 3] it is clear that the planar anyon beams do not possess a vortex nature since the axial symmetry is manifestly broken while constructing a propagating anyon beam. This is also corroborated in the figures that do not have any destructive interference at the origin, a characteristic feature of vortex beams [2, 3] . Hence the anyon beams are characterized by the spin value s of the wave packet, which is same as that of individual plane wave single anyon component.
An important observation is that in the cases we have considered, J 0 is always positive, which has to be the case since it is the probability density. But J x is also positive throughout whereas J y has positive and negative values in equal amount. Furthermore, maximum value of J y is far lower than each of J 0 and J x . These reflect the nature of our construction of the anyon beam where all the plane waves have positive velocity components along x-direction but have pairwise opposite (both positive and negative) velocity components along y-direction. Hence, the anyon beam will predominantly move in the positive x-direction with the y-component effectively canceled out.
(v) Experimental possibilities: The first direct observation of fractionally charged quasiparticles were done in quantum antidot experiments, where quasiperiodic resonant conductance peaks were observed when the occupation of the antidot is incremented by one quasiparticle [21] . Detection of anyonic statistics of Laughlin quasiparticles has been reported [22] in experiments on a Laughlin quasiparticle interferometer. 
FIG. 5: (Color online). Characteristics of J
x setting λ = 0.6 and selecting the integration range from −π/2 to +π/2, where different spectra correspond to the similar meaning as described in Fig. 2 .
Charged anyons have played a crucial role ever since Laughlin suggested that charged anyon fluid can simulate high T c superconductivity [8] . Further results in this context are discussed in Ref. [23] . In a recent work [24] , a dynamical property of anyons i.e., their Josephson frequency has been observed in two-dimensional electron systems in high magnetic field.
One of the most effective way of experimentally observing anyonic behavior is to consider the effect of external electromagnetic field on charged anyon, that carries a magnetic moment given by
for single anyon, where the single anyon current j s a is given in (9) using (8) and e is the charge parameter. The expression (17) follows from the generic form given in Ref. [3] . For the anyon packet we just replace j a by J a using the wave packet (14) . One way to create a wave packet is to excite matter coherently with an ultrafast laser pulse. The nonstationary quantum superposition state, or wave packet, thus created, is composed of the eigenstates spanned by the frequency bandwidth of the laser pulse [25] .
Finally, generation of anyons in experimentally controllable setup is indeed non-trivial and an area of immense activity. We list some of the diverse procedures mentioned in Ref. [14] : collective excitations behaving as anyons constructed from electrons in the fractional quantum Hall systems or from atoms in one-dimensional optical lattices, creation of fractional quantum Hall effect for photons, using one-dimensional or two-dimensional cavity array to construct anyons from photons, using a nonlinear resonator lattice subject to dynamic modulation for creating anyons from photons and among others.
Let us suggest in a tentative way, a possible laboratory construction of the anyon beam. This is schematically depicted in Fig. 7 . The left panel of Fig. 7 shows a convex lens in three-dimensions x, y, z with parallel rays shown only along x-y plane that converge on x-axis. We consider an extremely thin slice of the lens in the x-y plane which can be thought as the shaded area in the left panel. The same slice is drawn separately in the right panel that shows the planar superposition that we have considered in our work.
(vi) Summary and future prospects: In this paper we have proposed the possibility of constructing a relativistic anyon beam that is a symmetrical superposition of single anyon solutions of Jackiw-Nair form. We have provided explicit forms of the wave packets and have numerically plotted profiles of the anyon beam current. We have discussed significant features of the anyon beam profile. Lastly, a laboratory model of anyon beam construction has been suggested. The new ingredients in this paper that can be utilized elsewhere are (i) explicit relativistic single anyon solution, (ii) conserved anyon current, (iii) planar superposition of anyon plane waves to construct the anyon beam.
Appendix A: Explicit form of the free anyon wavefunction
In order to compute the free anyon wavefunction from (7) we require explicit form of B n0 (p) sector of the infinite component matrix B nn ′ (p) [20] . The best strategy is to use coherent states, given in Ref. [18] , replacing z by a complex variable ω. The coherent states are obtained by quantization of the canonical one-form
This one-form defines a symplectic structure on SU(1, 1)/U(1), where
The φ-part of g being irrelevant in dA, is not shown. The quantization of the canonical structure in (18) gives the coherent states given in Ref. [18] (in terms of ω,ω rather than z, z * ). One can view these coherent states as being given by g n0 ∼< λ, n | g | λ, 0 >. g nm is the group element in the appropriate representation obeying n g * n0 g n0 = 1 with the identification
To construct B n0 (p), we start with Eq.(3.6) of Ref. [18] ,
with the convention
which gives B n0 in the 2 × 2 matrix representation. We use this B(p) in place of g in
where p ± = p x ± ip y . The above is written as
where ω = where p x = p cos φ, p y = p sin φ and p = p 2
x + p 2 y .
The final expression is g n0 = Γ(2λ + n) n!Γ(2λ) (2m) λ (E + m) −(n+λ) (pe −iφ) ) n = B n0 (26)
where, σ = p/(E + m).
Below we provide a few computational steps leading to J 0 given in (16) . J 0 is given by
Consider the first term in the RHS where we have used expressions for the wave packet given in (14) 
Now we substitute X 1 = ρp cos(θ) and X 2 = ρp sin(θ) and after using some well known trigonometric identity and the relation 
